Rib segments excised from flower buds ofIpomoea tricolor Cav Labelng experiments using 33P as marker showed that the rate at which radioactivity was lost from phospholipids during aging was parallel to the rate at which the level of total phospholipids declined. Exogenously applied ethylene accelerated the loss of phospholipid and the senescence of rib segments while benzyladenine retarded both of these processes.
Flowers of the morning glory Ipomoea tricolor Cav. produce ethylene during aging, and their senescence can be advanced by treatment with exogenous ethylene (8) . Treating the flowers for 60 min with ethylene induces premature ethylene biosynthesis (8) , a phenomenon which has been observed previously with other flower and fruit tissue and which has often been referred to as "autocatalysis." We suggested that the burst in ethylene production, either during natural aging or following ethylene treatment, was due to loss of cellular compartmentation which caused intermixing of previously sequestered components of the ethylene-generating system (8, 9) . In a first attempt to test this hypothesis, we investigated cellular compartmentation during aging of segments excised from the ribs of the morning glory corolla (5) . Such tion commence, they start to roll up, just as the ribs of the intact corolla, and this process can be quantitated to assess the progress of senescence (5) . The use of segments also permits measuring the release of cellular components into the bathing solution. Employing the technique of compartmental analysis with 36Cl-and 86Rb+ (12, 13) as markers and measuring the rates of efflux of sucrose and organic acids, we were able to demonstrate an abrupt change in cellular compartmentation during natural and ethylene-induced aging (5) .
Since a change in compartmentation most likely involves an alteration of membrane properties, we initiated a study on the composition of membranes of juvenile and senescing flower tissue. In addition, we also investigated the effects of cobalt and silver ions on phospholipid metabolism and senescence, since both of these metal ions have been reported to affect ethyleneinduced processes (1, 10) .
MATERIALS AND METHODS
Plant Material. Seeds of I. tricolor Cav. (cv. Heavenly Blue) were purchased from Agway Inc. (Syracuse, N.Y.), and plants were grown in an environmental chamber as described previously (5) . Rib tissue of the corolla was prepared according to Kende and Hanson (9) , except that in most experiments two 1-cm pieces were cut from each rib of the corolla. This permitted a more economic utilization of plant material and shortened the time needed to cut rib segments. The aging response of rib segments originating from the edge and from the inner part of the corolla was the same.
The following designations are used to describe the age of the flower tissue: day 0, day of opening and fading of the flower; day -1, 1 day before opening of the flower.
Incubation of Rib Segments. Usually, the rib segments were excised from flower buds between 3:00 and 6:00 PM on day -1. The segments were placed in Petri dishes containing three layers of Whatman No. 1 filter paper soaked with 5 mm KCl solution. The dishes were kept overnight in the same growth chamber in which the plants were grown. Between 7:30 and 8:30 AM, the segments were blotted on filter paper and transferred into 25-ml Erlenmeyer flasks, containing 1 ml 1% (w/v) agar in 5 mm KCl. Usually, 10 rib segments were used per flask. The flasks were sealed with serum vial caps, flushed for 2 min with ethylene-free air, and placed in a darkroom at 27 C.
Tissue treated this way passes through the same developmental stages as the respective tissue on the intact flower. On day -1, the segments are purple and slightly twisted, following the original shape of the bud. At one of the two longitudinal sides of the segment, the corolla tissue is folded over the rib. During overnight incubation the segments turn blue, unfold, and flatten. Around noon, the typical symptoms of senescence become evident; the rib segments become purple, they roll up, and begin to produce ethylene at a sharply increased rate. Treatment of the segments with various chemicals was usually carried out during the overnight incubation. The respective substances were dissolved in 5 mm KCI which was used to wet the filter paper. Only AgNO3 was applied in water.
For exogenous ethylene treatment, the appropriate amount of 0.1% (v/v) ethylene in air was injected into sealed Erlenmeyer flasks through serum vial caps.
Measurement of Rolling Up of Rib Segments. Angular measurements were taken during the rolling up process by aligning the sides of the segments in the flask alongside a protractor (5) .
When the segments were flat and unrolled, the angle was scored as 1800; as rolling up occurred, the angle increased to >3600 with the segment ends overlapping.
Ethylene Determination. Ethylene was measured by gas chromatography as described earlier (9) .
Determination of Total Phospholipid. Ten rib segments were ground in a 2-ml tissue grinder in 1 ml of boiling isopropyl alcohol. The extract was allowed to cool down, and 1 ml methanol and 4 ml of chloroform were added to it. This mixture was shaken for 90 min in the cold room at 4 C. After filtration and washing of the residue with a mixture of chloroform-methanol (2:1), the combined organic phase was extracted with 0.2 volumes of an aqueous 0.73% (w/v) NaCl solution and dried over anhydrous Na2SO4 (4) . Aliquots were evaporated to dryness and subjected to phosphorus determination according to Rouser et al. (14) .
Chromatography of Lipids. For extraction of total lipids, rib segments (usually 50) were ground in 5 ml boiling isopropyl alcohol; to this homogenate 5 ml methanol and 20 ml chloroform were added, and the mixture was shaken for 90 min at 4 C. After filtration and extraction with 0.2 volumes of 0.73% (w/v) NaCl solution, the organic phase was taken to dryness, redissolved in 3 ml chloroform, and applied to a silicic acid column. The column was prepared according to Rouser et al. (15) with minor modifications by suspending 1 g of silicic acid in 5 ml chloroform and pouring the slurry into a glass column of 1-cm diameter. After settling, the silicic acid was washed with 10 ml of chloroform before application of the sample. Fraction 1, containing mainly mono-, di-, and triglycerides, sterols and free fatty acids, was obtained by eluting the column with 13 ml of chloroform. Fraction 2, eluted with 13 ml acetone, consisted mainly of the glycolipids. A final wash with 13 ml of methanol (fraction 3) eluted the phospholipids. Fraction 3 was concentrated in vacuo to 1 ml, of which 50 to 100-,ul aliquots were used for TLC analysis on silica gel plates (Brinkmann, precoated plastic sheets, Sil Gel, without binder). The plates were developed in two dimensions with chloroform-methanol-concentrated NH4OH (18:14:3, v/v) in the first direction, and chloroformacetone-methanol-acetic acid-water (6:8:2:2:1, v/v) in the second (14) . The phospholipids were identified by co-chromatography with authentic standards and by group-specific reagents such as molybdenum, ninhydrin, Dragendorf and periodate-Schiff reagents (17) . For quantitative determination, the phospholipid spots were localized with iodine vapor, scraped from the plate, and analyzed for phosphorus by the method of Rouser et al. (14) .
Fatty Acid Analysis. Free fatty acids were extracted from the first column fraction with 1% Na2CO3 solution, following the method of Draper (2) . Methyl esters of free and previously esterified fatty acids were produced according to Luddy et al. (11) , using a methanolic base reagent, which was prepared by dissolving 1.45 g metallic potassium in 100 ml anhydrous methanol. Lipid samples, usually equivalents of 25 to 50 rib segments, were dissolved in 50 ul base reagent and 50 ,ul benzene, and kept at 80 C for 20 min. Thereafter, 150 ,ul water and 150 ,ul diethyl ether were added. After thorough mixing, the phases were allowed to separate; the lower aqueous phase was removed, and the ether phase was washed with 100 ,ul water and dried over Na2SO4. Aliquots of 1 ,ul were injected into a PerkinElmer gas chromatograph model F 11, equipped with a column ('/8 inch x 6 ft) (10% DEGS-PS on 80-100 mesh Supelcoport purchased from Supelco, Bellefonte, Pa). The chromatographic analyses were performed isothermically at 195 C.
Measurement of Radioactivity. The radioactivity of 33P was determined with a Packard Tri-Carb scintillation spectrometer, using the following scintillant: 3 liters toluene, 12 g PPO, 0.3 g dimethyl-POPOP (Research Products International Corp., Elk Grove Village, Ill.), and 300 ml Bio-Solv-BBS-3 (Beckman Instruments, Fullerton, Calif.). The counting efficiency for MP was 86%. Aliquots of lipid solutions were dried down in scintillation vials and redissolved in scintillation fluid. Radioactivity in chromatogram spots was determined by scraping the silica gel from the plate and suspending it in scintillation fluid.
RESULTS
Phospholipid Levels during Normal Aging. Rib segments were cut on day -1, incubated overnight on 5 mm KCI, and transferred on day 0 into Erlenmeyer flasks containing agar. The phospholipid level of these rib segments declined slowly and steadily from day -1 until about noon of day 0 (Fig. 1) . As rolling up of the rib segments and ethylene formation commenced, the rate of phospholipid loss increased, reaching at 5 PM a rate which was about six times higher than the rate during the previous night. In parallel experiments, segments excised on day -1 were incubated overnight on 5 mm KCl solution containing KH233PO4 (2 ,uCi/ml). In order to chase the radioactive phosphate, the ribs were floated on the morning of day 0 for 2 hr on 20 mm K-phosphate buffer (pH 6) before being placed on agar. The analysis of lipid phosphorus and of radioactivity indicated that total phospholipids and radioactivity in phospholipids declined in parallel (Fig. 2) .
Phospholipid Ratios. In order to investigate whether or not all phospholipid species were lost at the same rate, phospholipids were analyzed by two-dimensional TLC. The analysis of tissue prior to senescence (day 0, 9:00 AM) and at an advanced stage of senescence (day 0, 9:00 PM) showed no striking change in the ratio of the major components PC,3 PE, and PI. The minor components, PA and PG, were present in such low concentrations that no changes could be detected with adequate accuracy using our methods. In tissue which was treated with 3P and chased as described above, we found that PC consistently retained relatively more radioactivity during aging than all other phospholipids (Fig. 3) .
Analysis of Fatty Acids. The esterified fatty acids were converted to methyl esters from fraction 3 of the silicic acid column and were analyzed by gas chromatography. During senescence there was a 40% decrease in the level of fatty acids esterified to phospholipids which corresponded to the loss of phospholipids during the same period; no significant changes were found in the ratio of the fatty acid components (Table I ). The level and composition of the free fatty acids which were extracted from fraction 1 of the silicic acid column remained unchanged during senescence.
Treatment with Exogenous Ethylene. Rib segments, cut on day -1 and incubated overnight on 5 mm KCl, were treated in the morning of day 0 with 10 ,ul/l ethylene for 90 min. After this, the Erlenmeyer flasks were opened, flushed thoroughly with ethylene-free air, and recapped. The treatment with ethylene accelerated rolling up and endogenous ethylene production as described earlier (9) . The rate of phospholipid loss was also significantly increased, but the effect of the gas on this process was less pronounced than that on rolling up and endogenous ethylene production (Fig. 4) AgNO3 solution prevented rolling up of the rib segments almost completely. Even incubation on 5 ,iM AgNO3 inhibited rolling up by 80% (Fig. 6 ). However, phospholipid loss and ethylene 300 production of silver-treated and control samples were almost identical (Fig. 6) Phospholipid composition and distribution of 33P radioactivity in phospholipids. Rib segments were cut on day -1, incubated on KH233PO4 (2 ,Ci/ml) overnight, floated on 20 mm phosphate buffer (pH 6) on day 0 (7:00-9:00 AM), and then transferred to agar. Determinations were made at 9:00 AM and at 9:00 PM on day 0. AgNO3-treated segments, and exogenously applied ethylene did not overcome this inhibition. Neither the rate nor the time course of ethylene-induced ethylene formation was affected by preincubation on AgNO3 (Fig. 7) .
Incubation on CoC12. Overnight incubation of rib segments on 500 AM CoC12 reduced the total amount of ethylene produced during day 0 and also rolling up of segments by over 80% (Fig.  8) . As observed in earlier experiments with AgNO3, the rib segments showed first "reversed rolling" (a< 1800) which turned to values above 1800 during the day. The rate of phospholipid loss was markedly reduced by Co2+, but a significant difference between the Co2+-treated and control tissue could not be observed before 5:00 PM on day 0 (Fig. 8) .
In a separate set of experiments, we investigated whether ethylene could overcome the inhibitory effect of Co2+ on rolling up. The rolling up of rib segments which had been incubated overnight on CoC12 (500 ,UM) and which were transferred to Erlenmeyer flasks without ethylene at 8:30 AM on day 0 reached 2200 by 8:30 PM of the same day. The rolling up Co2+-treated segments which were transferred to Erlenmeyer flasks with 10 1.lIl ethylene present during the entire 12-hr incubation period reached a value of 2100. In the same experiment, ethylene advanced rolling up of rib segments without Co2+ pretreatment as compared to control segments kept in air. In either case, rolling up was completed by 8:30 PM (a>360'). This evidence indicates that the inhibition of rolling up by Co2+ is not reversible by treatment with ethylene.
DISCUSSION
The level of phospholipids in excised flower tissue of . tricolor was found to decrease at a slow rate before any signs of senescence were evident. The rate of phospholipid loss accelerated considerably as rolling up of rib segments and ethylene production commenced. Pulse-chase experiments using 33P as a marker showed that the loss of radioactivity from phospholipid paralleled the loss of total phospholipid and confirmed that the levels of all major phospholipid species declined. It is not possible to determine from our experiments whether the decline in phospholipid levels is a result of reduced synthesis, increased breakdown, or both. Ethylene applied to rib segments on day 0 consistently accelerated phospholipid loss in comparison to control tissue without ethylene treatment, but this effect was quantitatively less striking than the effect on other parameters of (6) .
Our experiments were undertaken to elucidate further the chain of events which leads to senescence of the morning glory flower. According to our hypothesis, the sharp increase in ethylene generation is not the event that triggers senescence, but is the consequence of earlier metabolic reactions, probably degradative in nature, which lead to increased membrane permeability. The resultant loss in cellular compartmentation (5) is thought to cause mixing of previously sequestered components of the ethylene-generating system, thereby stimulating ethylene evolution. Once formed, ethylene enhances its own synthesis and accelerates aging by further increasing membrane permeability. Support for the view that ethylene generation is a fairly late event in the senescence process comes from two lines of evidence presented in this communication. (a) Loss of phospholipids consistently preceded ethylene evolution and was already detectable during the night between day -1 and day 0. (b) BA, which delays senescence of rib segments when given during the night between day -1 and day 0, retarded the loss of phospholipid, an effect which was already evident early in the morning of day 0. We suggest that phospholipid loss is a marker for degradative processes which affect membrane integrity and which ultimately lead to a breakdown of cellular compartmentation, a sharp increase in ethylene synthesis, and senescence of the flower tissue. While ethylene undoubtedly increases membrane permeability (5), it is still an open question whether it does so by directly affecting phospholipid metabolism.
